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Abstract. Discorsopagurus .schmitti is a hermit crab that

inhabits empty polychaete tubes in the North Pacific. Here

we describe some aspects of its lite history (relative growth,

population structure, reproductive biology, and incidence

of parasitism) and discuss the relationships among them.

Unlike most hermits, the two sexes of this species have

similar size distributions. In both sexes, larger body size

is accompanied by a higher reproductive output (larger

clutch size in females and more intrasex competitive po-

tential in males). The energy the females expend in egg

production might be equaled in this species by the energy

the males expend in supporting parasites. In fact, the ex-

tent of infestation by two rhizocephalans [Peltogaster

boschmae and Thilacoplethus (
= Thompsonia) reinhardi]

is more pronounced in males, especially those in the larger

size classes. However, rhizocephalans have little effect on

their hosts; growth and secondary sexual characters are

not influenced. The only morphological modification is

the more frequent loss of the second pleopod. Infected

hermits also showed a mock parental behavior, fanning

the externae with the pleopods as ovigerous females fan

their eggs. Larvae are released in sequential bursts, and

hatching occurs exclusively at night, possibly to minimize

predation by diurnal fishes. Hatching is also synchronized

with neap tides, which might keep the larvae from being

flushed out into open waters. In a species whose habitat

(sabellarian bioherms) is rare and quite unpredictable, it

is beneficial to retain larvae near the parental population.

Introduction

Discorsopagurus schmitti (Stevens, 1925) is an ano-

muran crab that occurs widely along the North Pacific

Received 10 December 1993; accepted IX November 1994.

coasts from Japan to Puget Sound (McLaughlin, 1974).

In both its geographical distribution and its ecological role,

this species is strictly dependent on the polychaete Sa-

hellaria ceinentariitin Moore, 1906. The hermit uses at-

tached worm tubes as housing and occupies a niche within

the community associated with sabellarian bioherms

(Gherardi and Cassidy, 1994a). A bioherm is a rock

formed by accretions from sedentary organisms and sur-

rounded by other kinds of rocks. Within the habitat, D
schmitti has a contagious distribution, the crabs occurring

with a density averaging 6 specimens per dm2
(Gherardi

and Cassidy. 1994b).

Despite its peculiar habits and widespread distribution,

the main life history traits of the species are still unknown.

Previous papers were concerned only with its adaptations

to the sessile worm tubes (Caine, 1980) and its ecology

(Gherardi and Cassidy, 1994b). Our study investigates the

relative growth, population structure, reproductive biol-

ogy, and incidence of parasitism by rhizocephalans in D.

schmitti.

Materials and Methods

D. schmitti was collected from a wide sabellarian bio-

herm in Burrows Channel. Fidalgo Island (northern Puget

Sound, Washington). A total of 440 specimens were col-

lected: 329 from June to August 1992, and 1 1 1 from Jan-

uary to April 1993. See Gherardi and Cassidy ( 1994a. b)

for details on habitat and sampling procedure.

Sixty-four animals were individually weighed to the

nearest 0.01 g. Chelipeds were excluded from the weight

because they are variable and sometimes absent. For each

specimen, we recorded sex, size (shield length, SL, to the

nearest 0.1 mm), missing chelipeds (i.e.. the number of

"injured" specimens), and the number and maximum
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diameter of any egg present. When possible, the maximum

axis of the occupied polychaete tube was measured with

a caliper. The number and position of externae of the

parasitic rhizocephalans Peltogaster boschmae Reinhard

and Thilacopk'thus (
= Thompsonia) reinhardi Lutzen were

also noted. Because we did not assess the presence of root-

lets penetrating major organs (stage of interna), which

precedes the parasite's sexual development, we may have

underestimated the extent of infestation within the

sample.

To describe the format of relative growth (i.e.. the

change in shape with growth; Hartnoll, 1982), we mea-

sured the length of the dactyl (DL) and palm (PA) of both

chelae, and their depth (DE) in 1 30 hermits. To represent

the patterns of the relative growth of these measures (y)

with respect to the SL as an independent variable (.\). the

natural logarithmic transformation (In y = In a + h In x)

of the exponential function y = a x h was used. This re-

lationship fits nearly all the instances of allometric growth

in crustaceans (Hartnoll, 1982). The values of h define

the type of allometry (b = 1: isometry; b < 1: negative

allometry; b > 1: positive allometry). This and the other

parameters of In y on In A, calculated using the Least-

Squares Method, allowed us to use standard tests for sig-

nificance and to compare slopes and intercepts between

groups.

Within winter samples, pleopods were examined and

their configuration related to the occurrence of parasites.

The configuration of pleopods in D. schmitti was first de-

scribed by McLaughlin (1974); the species shows pleopods

2-5, with the exception of some males, in which the sec-

ond pleopod is absent.

The behavior of animals occupying pieces of transpar-

ent glass tubing was recorded with a Panasonic color

camera and played back on a Mitsubishi recorder.
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Figure 1. Relationship between size (shield length) and body (without

chelipeds) weight, compared between sexes. A positive correlation was

found in both males (r
= 0.692. df = 41, /> < 0.01 ), and females

(r
= 0.809, df = 40, /><0.01).
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Figure 2. Size class distributions compared between sexes from

summer collections.

Data on egg incubation and hatching were obtained

from 19 ovigerous females, collected on January 18 (5),

February 8 (5), and April 27 (9) 1993. In the laboratory,

the females were placed in individual glass bowls 20 cm

in diameter, in filtered seawater with a salinity of 28-

3 1 %o. The bowls were kept in a constant temperature unit

at 10C under a light:dark regime of 14:10. Until they

released larvae, ovigerous females were checked twice a

day for hatching, placed in bowls of clean seawater, and

fed Anemia. The number of larvae released daily was re-

corded for ten of the females.

For statistical analysis, we followed the methods and

recommendations of Siegel (1956) and Zar (1984). The

level of significance under which the null hypothesis was

rejected is a = 0.05.

Results

Population struct we

Figure 1 shows the relationship between SL and body

weight (excluding chelipeds) compared between sexes. No

between-sex difference was found in either the slope (32.12

vs. 43.96, /
= 1.549. df = 81. ns) or the intercept (-49.90

vs. -78.98. t
= 1.781, df = 82, ns) of the regression line.

The sizes of crabs (SL) during summer were analyzed

(Fig. 2). No significant difference in size distributions was

found between the two sexes (G = 4.442, df = 7, ns). The

smallest specimens measured 1.1 (prepubertal, showing

no gonopores), 1.4 (male), and 1.9 mmSL (female), and

the maximum size attained 3.9 mmSL in the two sexes.

The sex ratio was 50.98% (104 males to 100 females),

which did not differ from 1:1 (X
2 = 0.044, df =

1, ns).

Similarly, the sexes remained balanced when three size

classes were distinguished (<2. 6 mmSL: X : = 0.5, df= 1,

ns; 2.6-3.4 mmSL: X : = 0. df =
1, ns; >3.4 mmSL:

X2 = 0, df =
1, ns).
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Table I

Isometric or allomeiric growth with sue of Discorsopagurus schmitti (shield length) of three measures of both the major (right) and the minor (left)

chela, compared between sexes

In shield length vs.:

Si 99

b* 1

In DC (major chela)
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Figure 3. Relationships between the size of ovigerous females (shield

length) and both the number (after a In-ln transformation. A) and the

diameter (maximum axis, B) of the spawned eggs.

chelipeds were missing more often than left ones (65.96%

vs. 34.04%, X
2 = 4.17, df =

1, P<0.05).

Eggs

Egg-bearing females occurred in winter samples only.

They were first found in January and were still present at

the end of April, though their percentage was low (20%,

9 out of 45). Their numbers did not differ from those of

nonovigerous females (January 18: 19 vs. 10, X2 = 2.207,

df =
1 , ns; February 1:15 vs. 2 1 , X2 = 0.694, df =

1 . ns),

and specimens in the two reproductive states shared the

same size distribution (G = 2.906, df =
5, ns) and fre-

quency per size class (<2. 6 mmSL 45.10%, vs. a uniform

distribution: G = 0.486, df =
1, ns; >2.6 mmSL 70%,

G = 1.567, df =
1, ns). The smallest and largest females

found bearing eggs measured, respectively, 1.1 and

3.2mm SL.

Egg number per clutch ranged from 1 4 to 496, averaging

287. Female size (SL) was positively correlated with the

number of eggs (after a In-ln transformation: r = 0.478,

df = 28, P < 0.01, b = 2.56, a = 2.48) (Fig. 3A). The

value of the correlation coefficient did not significantly

differ from 3 (/
= 0.495. df = 28, ns): that is, clutch size

is proportional to the cube of the SL (roughly equaling

the body mass).

The mean egg diameter was 722 ^m (SE = 19, n = 30),

ranging from 455 to 990 ^m. A positive correlation was

also found between the SL of the female and the average

diameter of her eggs (r
= 0.586, df == 28, P <0.01.

b = 0. 14, a = 0.40) (Fig. 3B), showing that bigger females

produce larger (and more numerous) eggs.

Eggs are attached to the second through the fourth

pleopods, about 100 per pleopod, in bunches of 7 to 15.

They are slightly ovate and attached by a funiculus, mea-

suring around 1.2 mm. Ovigerous females kept inside

transparent tubing were seen fanning the eggs with a re-

versing current created by the second and third pleopods.

Hatching

Hatching occurred between 1 and 75 days (n =
1 7) after

collection. Because all the analyzed females bore eggs

when collected, this is only a minimum estimate of the

actual length of egg incubation.

The number of larvae per individual ranged from 80

to 541 (average
= 226, SE = 46) in the 10 females ana-

lyzed, and did not differ significantly from the number of

eggs per batch (/
= 1.31. df = 38. ns). being on average

98.74%- of the eggs spawned. Larvae were released in 3-

6 days (average
= 5.1 day. SE = 0.3). with a maximum

of 209 larvae in the fourth day. No correlation was found

between the length of the hatching period and the female

size (r
= 0.074, df =

8, ns), but the former was positively

related to the overall number of larvae (Spearman rank

correlation test: i\
= 0.742, /

= 3.134, df = 8, P < 0.02).

Larvae were not released at a constant rate; the percentage

released (Fig. 4) differed significantly throughout the

hatching period (Kruskal-Wallis one-way analysis of vari-

40 -i

TIME (days)

Figure 4. Percentage (average SE) of the larvae released by K)

females plotted against the length of hatching (in days).
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ance: H = 29.975, df = 5. P < 0.00 1 ). peaking in the third

day and then falling off abruptly after the fifth day.

Hatching occurred exclusively at night, and mostly

during the neap phase of the tide (Mann-Whitney test: U
= 0, H = 7 and 7. P < 0.01 ). when the mean tidal current

is consistently slower (Fig. 5). For our comparison, we

defined neap (or spring) phase as the day of the minimum

(or maximum) tidal excursion for a lunar tidal cycle plus

the 3 days preceding and following that date.

Parasite distribution

Peltogaster boschmae was the most common rhizoce-

phalan parasite in our samples, affecting 18.5% of the

specimens; Tliilacopletlnis (

= Thoipsonici) reinhardi in-

fected 6.8%; and the two rhizocephalans co-occurred in

2.5%. These figures are similar to the percentages reported

by Lutzen (1992) for a previous study in the same area.

A sexual difference in the degree of infestation was seen

in both the number of externae per individual (males:

average
= 2.9, SE = 0.6; females: average

= 2.3, SE = 0.9;

X2 = 9.312, df =
2, P < 0.01) (Fig. 6) and the prevalence

of parasitism (i.e.. the percentage of the parasitized her-

mits; Margolis el al.. 1982) (males v.v. females: 28.17% vs.

14.39%, X2 = 7.144, df =
1, P < 0.01). Similar results

were obtained from the winter samples, where parasitized

males and females scored 28.26% and 9.37%. respectively

(X
2 = 5.424, df = l,P< 0.02). The number of parasitized

specimens did not differ between sampling periods (sum-

mer: 60 out of 281. winter: 19 out of 1 10; X 2 = 0.01,

df =
1, ns).

The maximum number of externae from the summer

samples was 15 in males and 18 in females. Wecounted

23 externae in one female collected in winter. None of

the ovigerous females in our sample had parasites (0 vs.

20% in nonovigerous ones: X 2 = 5.334, df = \.P< 0.05).

Only one female has been collected bearing both eggs and

hatching days = 93

tide cycles = 4
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Figure?. Occurrence of hatching within a lunar tidal cycle, compared

ith the mean tidal current speed per day (average SE).
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Figure 6. Number of the externae of rhizocephalan parasites per

hermit host, compared between sexes.

three externae (P. M. Cassidy. pers. obs.), but it is plausible

that infestation occurred after spawning. The number of

externae was significantly correlated with the host size if

the host was male (Spearman rank correlation test: r s

= 0.413, /
= 2.759, df = 37, P < 0.01). but not if it was

female (r,
= 0.299, /

= 1.331, df = 18. ns).

The frequency distribution per size class of the infested

specimens compared with respect to the healthy ones did

not show any difference in the males (G = 4.816, df =
3,

ns) (Fig. 7 A); a difference (though slight) was found in the

females, where parasites occurred more often within

smaller size classes (G = 6.913. df = 3. P cu. 0.05) (Fig.

7B). When three size classes were distinguished, no be-

tween-sex difference was found in small specimens (G
= 0.004, df =

1, ns). but the difference was significant in

larger classes) intermediate: G = 10.643, df= 1,.P<0.01;

biggest: G = 2.744. df =
1. P ca. 0.05). The minimum

size of parasitized specimens was 1.8 in females and

1.4 mmSL in males.

Peltogaster hoshnuie externae never exceeded two per

individual. They were more frequently found on the left

side of the hermit abdomen (left, center, and right vs. a

uniform distribution: X
2 = 76.513, df = 2, P < 0.001),

and at the proximal end, close to the carapace (proximal,

middle, distal v.v. a uniform distribution: X
2 = 34.241, df

=
1 . P < 0.00 1 ), without any difference between sexes

(side: G = 1.1 18, df = 2, ns; extremity: X
2 = 0.029, df

=
1, ns). Their first point of eruption corresponded to the

position of the second pleopod. In contrast, the externae

of Thihicopletluis (
= Tlioinpsoniu) rcinluinli. ranging from

1 to 23, were more clumped on the host, equally distrib-

uted on the right and left halves of the hermit body, and

more diffused, involving the dorsal side of the abdomen,

the cephalothorax, and even the pereiopods and chelipcds.
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Figure 7. Size frequency distributions compared between hermits

that were either uninfected or infected by rhizocephalan parasites in

males (A) and females (B).

Parasites
'

effects on the host external morphology and

behavior

To evaluate the effect of parasites on their hosts, we

examined various aspects of the hermit external mor-

phology. The pleopod number did not show any signifi-

cant difference between infested and noninfested speci-

mens in either sex (distinguishing animals with 4, 3, and

less than 3 pleopods, males: G=
1 .645, df =

2, ns; females:

G = 0.31, df =
2, ns). However, the second pleopod was

absent more often in parasitized specimens (7 out of 16

vs. 5 out of 54: G= 8.333, df = l,P< 0.01). The difference

was more pronounced in the males (6 out of 12 vs. 5 out

of 3 1 : G = 4.576, df =
1 , P < 0.05) than in females ( 1

out of 5 v.v. out of 23: G =
1 .839, df =

1 , ns).

The relative growth of the DE of the major chela, one

"maleness" character, was analyzed. No difference was

found between parasitized and unparasitized specimens.

either in males (after a In-ln transformation: b, 0.63 vs.

0.93,? = 1.772, df = 56, ns; a, 0.21 vs. -0.15,? = 1.847,

df = 57. ns) or in females (/>, 0.52 vs. 0.57, /
= 0.237, df

= 63, ns: a, 0.40 vs. 0.33. /
= 0.01 1, df = 64, ns). Anal-

ogously, parasites seemed not to affect hermit relative body

weight in either sex (after In-ln transformation. SL vs.

weight without chelae, males: b, 3.45 vs. 5.08, /
= 1.539,

df = 39, ns; a, -1.13 vs. -3.31, /
= 0.043, df = 40, ns;

females: b, 1.70 vs. 3.59, /
= 0.778, df = 38, ns; a, 1.32

vs.
-

1 .04, /
=

1 .2 1 6, df = 39, ns). The same was also true

when cheliped weight was examined (males: b, 8.80 vs.

7.26, /
= 0.537. df = 24, ns; a, -15.41 vs. -11.97,

t
= 0.858, df = 25, ns: females: b, -2.19 vs. 6.41, /

= 1.664,

df = 22, ns, a, 13.89 v.v. -9.34, /
= 1.043, df = 23, ns).

Several parasitized hermits were seen molting and pre-

served their externae after the ecdysis, even when externae

belonged to the latest stages, already containing oocytes

and embryos (Liitzen. 1992).

One possible behavioral effect of parasites is lethargy,

which might reduce the ability of naked hermits to find

empty tubes. However, in pilot experiments in the labo-

ratory, parasitized and unparasitized D. schmitti individ-

uals were about equally matched when competing for a

single empty tube. In the field, no difference was seen in

the relative opening diameter of the occupied tubes be-

tween hermits belonging to the two conditions (males: b,

t
= 0.025, df = 64, ns, a, t

= 0. 169, df = 65, ns; females:

b. t
= 0.86, df = 68, ns, a,t= 1 .9 1 3, df = 69, ns).

Parasitized specimens of both sexes placed inside

transparent tubing were seen fanning the externae of Pel-

togaster boschiuae. The behavior was the same as that

already described for ovigerous females fanning their eggs.

Discussion

The structure oj the D. schmitti population

In the species of hermit crabs studied to date (Table

IV), sex ratio in relation to size mostly follows the "anom-

alous" pattern described by Wenner (1972). This implies

that sexes in small size classes are approximately balanced,

a large excess of females is found in intermediate size

classes, and an excess of males is found in the largest ones.

Exceptions are reported by Wenner ( 1972) in Clibanarius

zebra and Calcinus latens, by Abrams (1988) in Pagurus

ochoiensis and P. aleitticus. and by Gherardi and Mc-

Laughlin (1994) in Calcinus laevimanus from the Mas-

carenes. A further exception is D. schmitti. in which an

equal number of males and females are represented in

each size class.

One obvious bias in the size distribution analysis is the

large- or small-scale habitat segregation between sexes.

Species have been reported to show between-sex differ-

ences in habitat utilization (e.g., males of Pagurus hir-

siitiuscnlits occupy high tidepools, but females are dom-
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Table IV

Species ot hermit crabs reported from the literature following the

"anomalous" pattern (Wetiner. 1972) in the se.\-ratio-lo-si:e relation

Genus Species Reference

Coenobila coinpressus Wenner. 1972

Calcinux laevimanus Wenner, 1972

lalens Gherardi and McLaughlin, 1994

Clibananus digueti Harvey, 1988

erythropus Gherardi, 1991

laevimanus Gherardi el at., 1994

Intmilt.s Gherardi and McLaughlin, 1994

Diogenes breviroslris Walters and Griffiths, 1987

Elassochims tenuimanita Abrams, 1988

Pagurisles turgidus Abrams, 1988

Pagurux grano.si mii/uis Abrams, 1988

hirsutiusculus Abrams, 1988

samuelis Abrams, 1988

kenncrly Abrams. 1988

beringanus Abrams, 1988

dalli Abrams, 1988

inant in microhabitats without standing water at low tide;

Abrams, 1988). The size of clustering species is also seg-

regated within clumps (in Clibanarius laevimanus, Ghe-

rardi et ai, 1994). However, both sexes of/), schmitti are

restricted within sabellarian bioherms (Gherardi and Cas-

sidy, 1994b), starting from the late megalopa stage, and

although the species has a contagious distribution (Ghe-

rardi and Cassidy, 1994b), clumps do not significantly

differ in either sex ratio or size.

The sexual selection hypothesis

Under the rationale of the sexual selection hypothesis

( Bertness, 1 98 1 a), the between-sex balance in the size dis-

tribution of D. schmitti implies that the two sexes get the

same benefits (or handicaps) from larger dimension.

Reproductive potential might be enhanced with size.

From the perspective of D. schmitti females, clutch size

significantly increases with the body mass, and larger fe-

males also bear more voluminous eggs.

Larger size might also provide a higher reproductive

potential to males. A sexual dimorphism was evident in

the major chela dimensions (dactyl length, and palm

length and width): the chela (especially the biggest) was

more massive in the male than in the female. The func-

tional significance of this sexual difference has been widely

discussed for Brachyura (Hartnoll, 1974), where it was

related to the use of chelipeds in territorial defense, com-

bat, display, and courtship. In several hermit crabs, males

showed complex precopulatory behaviors, involving the

chelae, for example, either rotating and shaking the female

(Diogenidae) or jerking her toward himself (Paguridae)

(Hazlett, 1966, 1968). Sexual behavior has not yet been

observed in D. schmitti. but the importance for males of

having larger chelipeds might be associated with the in-

trasexual competition to mate. Chelipeds are widely used

in aggressive interactions, both in displays (cheliped ex-

tension, waving, and wig-wag display; F. Gherardi, in

prep.), and in fights (hits and grasps), where the bigger

and stronger the chelipeds are, the more likely the hermit

is to win.

In hermit crabs, factors that could reduce the tendency

to grow are the interspecific competition for shells and

the scarcity of large housings within the habitat. By its

ability to occupy empty polychaete tubes as a new housing,

D. schmitti has freed itself from the harsh war for shells

that occurs within the subtidal hermit crab assemblage in

northern Puget Sound (Abrams et ai, 1986). Its small

relative size must have preadapted this species to this nar-

row microhabitat, but its body mass is certainly con-

strained by the size distribution of the available empty
tubes. In his ecological notes on the endemic Bermuda

hermit Ca/cinus verrilli. Markham (1977) observed that

the mean size of the crabs occupying attached vermetid

shells was far smaller than that of crabs in mobile Ceri-

thium shells. Members of the D. schmitti population an-

alyzed here occupy the largest tubes at their disposal in

the bioherm, and size in both sexes was positively cor-

related with tube opening, suggesting that crabs must

change their housing with growth (Gherardi and Cassidy,

1994b).

The growth hypothesis

The growth hypothesis (Abrams, 1988) refers to the

between-sex difference in the available energy for growth;

the male-biased sex ratio in larger size classes in most

hermit species is attributed to the additional energy that

males can allocate to growth because they do not have to

produce eggs (Bertness, 1981b). Data are still missing for

the extent of growth through molts in D. schmitti and its

energy-time budget is unknown, but a number of clues

suggest that the distribution of the rhizocephalan parasites

might affect growth in this species.

In the population we examined, the extent of infestation

and parasite prevalence varied significantly between sexes,

reaching in the males an average of 2.9 externae per in-

dividual and a percentage of 28 infested specimens. Prev-

alence is unaffected by the male host size, but the fre-

quency of infested females decreases in the intermediate

and larger size classes, where the infestation is significantly

less diffused than in similar sized males.

Within the framework of the growth hypothesis, one

likely conclusion drawn from these data is that if (1) the

males are more frequently infected than the females, and

if (2) parasites cause a reduction in the growth rate of the

host, then the two sexes grow to the same extent because
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the energy the females expend in producing eggs equals

that which the males consume to support parasites. How-

ever, the two assumptions require further clarification and

open new questions.

First, we do not know why the parasites are unequally

distributed between the sexes. The observed pattern could

not be explained by either an increased mortality rate of

infested females or the occurrence of sex reversal, because

the sex ratio was 50% in all the size classes. The attachment

of the parasite larvae may be impeded by the efficiency

of cleaning and grooming (Bauer, 1981), but the two sexes

did not differ in either the extent or the modes of cleaning

behavior (Gherardi, 1994). As a third explanation, im-

munological responses by the hosts might vary between

sexes. Parasitized, but not normal, Carcimis mediterra-

neus have a substance in their blood that fixes complement
in the presence of extracts ofSacculina (reviewed in Bang.

1983). However, in that parasitic relationship, electro-

phoregrams did not show any marked difference between

the parasitized males and females (Herberts. 1978). D.

schmitti females differ in their susceptibility to infection

according to their reproductive states. No parasitized fe-

males have been found in ovigerous condition (other ex-

amples in Hoggarth, 1990, and Liitzen and Jespersen,

1992; exceptions in Hoeg and Liitzen, 1985); one expla-

nation is that parasitized females lose their eggs after a

few days (Liitzen and Jespersen, 1992), but the reasons

remain unknown.

The second assumption, that growth rate of the host is

affected by the parasite, is supported by the previous lit-

erature on rhizocephalan infestation (O'Brien and Van

Wyk, 1984; Hawkes et ai. 1986; Hoggarth, 1990; Abello

and Macpherson, 1992; Bang, 1983; Overstreet, 1983).

Nevertheless, a direct investigation of molt frequency is

lacking and figures on the relative increase at ecdysis

compared between infected and uninfected individuals

are provided only by Liitzen and Jespersen ( 1992). Our

findings that parasites do not inhibit molting in D. schmitti

or influence either body or cheliped weight in either sex

make the growth hypothesis questionable, at least in this

species.

Other effects of parasites

A variety of morphological and behavioral alterations

exhibited by rhizocephalan-infected decapods and the

hormonal involvement in those phenomena are exten-

sively described by Hartnoll (1967), Nielsen (1970), and

Phillips and Cannon (1978) among others (see, e.g.. bib-

liography by Overstreet, 1983). D. schmitti males do not

undergo the process of feminization observed in other

species (Hartnoll, 1982; O'Brien and Van Wyk. 1984). as

evidenced by the preservation of some "maleness" char-

acters (e.g., the high relative depth of the major chela).

The only alteration is the frequent absence of the second

pleopod, which cannot result from an attempt by the par-

asite to provide a safe accommodation for the externae,

but seems instead to be a consequence of the eruption of

Peltogaster boschmae externae within the soft tissue lining

the host abdomen, which corresponds to the attachment

point of the second pleopod.

Neither do infected hermits exhibit behavioral altera-

tions, such as lethargy, that could decrease their ability

in direct or exploitative competition: in the laboratory,

parasitized and healthy D. schmitti had the same proba-

bility of getting an empty polychaete tube, and in the

field, they occupied equally sized housings. Besides, rel-

ative weight, and thus possibly feeding efficiency, was un-

affected by the presence of rhizocephalans. The only be-

havioral result of parasite manipulation is the initiation

of mock parental care, in which infected hermits of both

sexes ventilate Peltogaster boschmae externae in the same

way that gravid females ventilate their eggs.

Reproductive patterns

D. schmitti females attain maturity at a relatively small

size: the smallest egg-bearing specimen measured 1 . 1 mm
SL. On the other hand, the allometry of chela growth

should indicate that maturity (at least, functional matu-

rity; Hartnoll, 1969) occurs in males at larger size (over

3.4 mmSL).

A precocious onset of sexual behavior in females has

been reported in the decapod literature and associated

with a reduced possibility of encountering males; in the

parasitic females of the Pinnotheridae (Christensen and

McDermott, 1958) and in the freshwater crab Potamon

Jhtviatile(Miche\i et al.. 1990) copulation can occur even

in prepubertal females, and sperm are kept in the seminal

receptacles until ovulation.

A second remarkable feature of reproduction is the low

frequency (50%) of gravid females in all the size classes.

This is particularly evident when we consider that D.

schmitti breeds only once per year (Nyblade, 1974), and

that the breeding period (January-April) is short, but the

time necessary for eggs to mature is relatively long (ex-

ceeding, on average, 1 month).

One explanation is that due to the shortage of food,

females may have limited energy for producing clutches,

causing them to skip the reproductive season. If this were

the case here, we should expect a gradient in the clutch

size depending on the available energy. Nonetheless, egg

number is a function of female size, and the latter is not

related to feeding efficiency (Gherardi, 1 994). In addition,

the annual egg production (52.8 mg of eggs per 100 mg
female weight per year; Nyblade 1974) is high compared
with that of the other hermit crabs in northern Puget

Sound.
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Another hypothesis refers again to the difficulty that

this sedentary species encounters in finding a mate. D
schmitti is gonochoristic and mating in hermit crabs

requires copulation (Hazlett, 1966). hut it is still unclear

how this is effected in this species. Males, females, or

both are assumed to leave the attached tube and roam

about with their abdomens naked (or at best in broken

pieces of tubes; Nyblade as reported by Caine, 1980) to

seek receptive mates. Despite the clumped distribution

of the population, this is a risky behavior; in the labo-

ratory, wandering hermits inhabiting loose tubes are

easy prey for the crabs and fishes (F. Gherardi, in prep.),

that frequent sabellarian bioherms (Gherardi and

Cassidy. 1994a).

Hatching lasts from 1 to 6 nights, the length of time

being related to the overall number of larvae. This suggests

either that development of embryos belonging to the same

batch is out of phase or that hatching is controlled by the

embryos themselves, by the females, or by both (Saigusa,

1992). Such an extension of hatching in sequential bursts

might be a mechanism to allow survival of at least a num-

ber of larvae in a difficult, predator-filled, and unpredict-

able environment, such as the current-swept channels of

Puget Sound.

In D. schmitti. hatching occurs exclusively at night,

possibly to minimize predation on the newly released lar-

vae by diurnal fishes. In contrast to the other decapods

inhabiting enclosed habitats (estuaries and mangrove

swamps; Forward, 1987; Hartnoll. 1988). in this species

larval release is synchronized with neap tides, when the

tidal current is consistently lower than in the spring phase.

This timing seems to be controlled by an endogenous

clock (De Vries and Forward, 1989). persisting under lab-

oratory conditions in which the tidal cycle corresponding

to the rhythm is absent. This pattern of larval release seems

unrelated to salinity tolerance (Forward el ai. 1982), be-

cause salinity is nearly constant in the examined area

(SPMC, 1992). Its adaptive meaning is suggested by D.

schmiiii '.v behavioral ecology. For this species so depen-

dent upon a habitat (sabellarian bioherms) that is rare

and quite unpredictable (Gherardi and Cassidy. 1994a)

it is more beneficial if larvae are retained within the basin

near the parental population than if they are flushed out

to open waters for planktonic development (see Mc-

Conaugha. 1992. for a discussion of larval retention vs.

dispersal in decapods).
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